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(54) Integrated laser-based light source 

(57) An integrated laser-based light source (100, 
IOOA-IOOC.200.250,300,320,340,350,500,600,620, 
700,720,800,900), which generates an output light 
beam (11 9,81 9) having a controlled intensity, comprises 
a package (105) in which are mounted a laser (101, 
801), alight sensor (111, 811) and a coupler (114, 314A- 
314D, 514, 614, 714, 814, 914). The laser has one and 
only one light-emitting face (e.g., 1 09) from which a light 
beam is radiated as a radiated light beam (107). The ; 
light sensor generates an electrical signal representing 
the intensity of light energy falling it. The coupler couples 
a fraction (117, 717, 917) of the radiated light beam to 
the light sensor, and provides the remainder of the radi- 
ated light beam as the output light beam. Since the light 
coupled to the light sensor by the coupler is a fraction 
of the radiated light beam, the electrical signal generat- 
ed by the light sensor also represents the intensities of 
the radiated light beam and of the output light beam. A 
suitable control circuit (127, 827), when fed with the 
electrical signal generated by the light sensor, can con- 
trol the laser current to hold the electrical signal gener- 
ated by the light sensor to a predetermined value that 
corresponds to the output light beam having a predeter- 
mined intensity. 
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Description 

This invention relates to laser-based light sources 
and, in particular, to integrated laser-based light sources 
generating light having a controlled intensity. 

Lasers are used as light sources in many consumer 
and industrial products including laser printers and op- 
tical communication links. In laser printers, the light out- 
put of the laser is modulated to selectively discharge the 
photo conductive drum. In optical communication links, 
the light output of the laser is modulated to represent 
the states of a digital information signal. Lasers having 
a modulated light output are also used to write a digital 
information signal on an optical disc, for example. In 
these and other applications, the need to modulate the 
light output of the laser at high speed normally precludes 
modulating the light output by simply switching the laser 
on and off. Instead, the light output of the laser is mod- 
ulated between a high light condition and a low light con- 
dition, which is normally just above threshold level of the 
laser. However, in the following disclosure, the low-light 
condition will be regarded as encompassing the zero- 
light condition in which the laser current is reduced to 
below the threshold current or to zero. 

When the light output of the laser is modulated be- 
tween a high light condition and a low light condition, the 
light intensity in at least one of the two light conditions 
must be well defined. For example, in the laser printer 
application, when the low light condition is above the ze- 
ro light condition, the light intensity in the low light con- 
dition must remain below the discharge threshold of the 
photo conductive drum. Moreover, since the size of the 
spot on the photo conductive drum discharged by the 
light beam depends on the intensity of the light beam, 
the intensity of the laser in the high light condition must 
also be defined to ensure consistent line widths. In the 
optical communication link application, the difference 
between the high light condition and the tow light condi- 
tion may be made relatively small to maximize the mod- 
ulation rate, and hence the data transmission speed. 
The light intensities in both light conditions must be ac- 
curately defined to enable the two light conditions to be 
distinguished from one another by the receiver of the 
optical communication link. 

The light intensity generated by a semiconductor la- 
ser for a given laser current depends primarily on the 
temperature of the laser. Aging is a secondary factor. 
The temperature of the laser depends in part on the 
magnitude and the duty cycle of the current through the 
laser, i.e., the laser current. The duty cycle of the laser 
depends on the digital input signal modulating the laser. 
For example, in a laser printer, the laser continuously 
generates light in the high light condition to create "area 
fills," and continuously g nerat s light in th low light 
condition to create white areas, such as margins and 
borders. The thermal time constant of a typical semicon- 
ductor laser is very rapid, of the same order as the time 
required to print about ten pixels. Thus, if the light output 



of the laser increases with increasing temperature, for 
example, the temperature, and hence the light output, 
of the laser will steadily increase (with a resulting in- 
crease in print density and line width) in the course of 

s printing an area fill. On the other hand, isolated narrow 
vertical lines printed in a white area will tend to be printed 
too faintly because of insufficient light output from the 
laser as a result of the laser temperature being too low. 
To prevent variations in the light intensity generated 

10 by the laser from impairing the performance of the laser 
printer, optical communication link or other laser-based 
apparatus, it is desirable to employ a control system to 
vary the laser current to maintain the tight intensity at a 
predetermined level in the high light condition or in the 

1& low light condition, or to maintain the light intensity at a 
first predetermined level in the high light condition and 
at a second predetermined level in the low light condi- 
tion, irrespective of the temperature and the age of the 
laser. 

20 Figure 1 shows part of a known laser light source 
1 0 generating light with a controlled intensity. In the laser 
light source 10, the edge-emitting laser 12 is mounted 
on the post 14 projecting from the header 16. The can 
1 7 is attached to the header 1 6, and usually forms a her- 

25 metic seal with the header. The can includes the window 
1 9 though which the light beam 1 8 generated by the la- 
ser 12 is emitted. The window is normally coated with 
the anti-reflective layer 21 to prevent the window from 
reflecting part of the light beam 1 8 back into the laser 1 2. 

30 The edge-emitting laser 12 is formed by creating a 
structure in a suitable semiconductor such as gallium 
arsenide. The edge-emitting laser 12 emits the light 
beam 18 in response to a current supplied from an ex- 
ternal power source via the conductor 30, which passes 

35 through an electrically-isolated passage (not shown) in 
the header 16, and the bonding wire 31 , which connects 
the conductor 30 to a metallization layer (not shown) on 
the laser 12. The edge-emitting laser 12 emits the light 
beam 1 8 from a very narrow aperture about 0. 1 urn wide 

40 in the cleaved edge 20, and also emits the secondary 
light beam 24 from the cleaved edge 26, opposite the 
cleaved edge 20. 

In applications in which the intensity of the light gen- 
erated by the edge-emitting laser 1 2 must be controlled, 

45 the light sensor 28 is mounted on the header 16 posi- 
tioned to be directly illuminated by the secondary light 
beam 24. The light sensor 28 is typically a silicon, gal- 
lium arsenide, or indium gallium arsenide photo diode, 
the type depending on the wavelength of the light gen- 

so erated by the laser 12. The electrical output of the light 
sensor 28 is fed to the outside of the package by the 
conductor 32, which passes through an electrically-iso- 
lated passage (not shown) in the header, and the bond- 
ing wire 33, which connects th conductor 32 to a m t- 

55 allization layer (not shown) on the light sensor 28. 

The conductor 32 is also connected to the control 
circuit 34. The control circuit also receives a digital input 
signal via th input terminal 36. The state of the digital 
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input signal determines whether the control circuit drives 
the laser 12 to emit the light beam in the high light con- 
dition or in the low light condition. The control circuit 34 
controls the current fed to the laser 12 via the conductors 
30 and 31 to obtain a predetermined value of the elec- 
trical output of the light sensor 28 in one or both of the 
high light condition and the low light condition. This pre- 
determined value of the output of the light sensor 28 cor- 
responds to the secondary light beam 24 having a pre- 
determined intensity in the respective light condition. 
Since the intensity of the secondary light beam 24 has 
a substantially linear relationship to that of the primary 
light beam 18, the light sensor 28 monitoring the inten- 
sity of the secondary light beam 24 conveniently pro- 
vides an acceptably accurate control of the intensity of 
the primary light beam 18. 

Recently, vertical-cavity surface-emitting lasers 
(VCSELs) have been introduced. Such lasers are 
formed in a structure of semiconductor layers deposited 
on a semiconductor substrate, and emit light from a port 
in the surface of the structure, instead of from the very 
narrow region about 0.1 |xm wide on the cleaved edge 
of the device, as in an edge-emitting laser. A VCSEL 
offers numerous performance advantages over an 
edge-emitting laser. For example, a VCSEL inherently 
has a smaller numeric aperture and generates a much 
more symmetrical light beam than an edge> emitting la- 
ser. As a result, the light from the VCSEL can be coupled 
into the optical system of the laser printer or optical com- 
munication link more efficiently than the light from the 
edge-emitting laser. The increased coupling efficiency 
enables the VCSEL to be run at lower power to produce 
a given light intensity. However, the VCSEL generally 
emits a single light beam instead of the two light beams 
emitted by the edge-emitting laser. Therefore, a VCSEL- 
based light source generating light with a controlled in- 
tensity cannot be made simply by substituting the VC- 
SEL for the edge-emitting laser 12 in the arrangement 
shown in Figure 1. An alternative arrangement is re- 
quired to monitor the intensity of the light generated by 
the VCSEL. 

A possible solution for this problem is described in 
G. Hasnian et al., Monolithic Integration of Photodiode 
with Vertical Cavity Surface Emitting Laser, 27 ELEC- 
TRONICS LETTERS 18, p. 1630 (1991). In this, a p-i-n 
photo diode is grown on the p-type mirror region of a 
top-emitting VCSEL. Although this arrangement gives a 
good monitoring performance, it increases the complex- 
ity of the manufacturing process because additional epi- 
taxial layers must be deposited to provide the layers of 
the photo diode, and because an additional etching 
process is required to delineate the photo diode. More- 
over, the etching process leaves the edges of the layers 
exposed to contamination which can compromise the 
reliability and accuracy of the arrangement. 

United States patent 5,491 ,712 describes some al- 
ternative arrangements for monitoring the intensity of 
the light generat d by a VCSEL. In a first one of these, 



a Schottky structure is formed as a photo detector on 
the top surface of the layer structure in which the VCSEL 
is formed. This arrangement 5 also requires that addi- 
tional layers be deposited on the layer structure of the 
VCSEL, albeit fewer than the number of additional lay- 
ers required for the p-i-n photo diode. 

In a second arrangement, a photo detector is delin- 
eated adjacent the VCSE L in the layer structure in which 
the VCSEL is formed. Light is transmitted laterally in the 
layer structure between the light-generating layer of the 
VCSEL and the photo detector. The magnitude of the 0 
current flowing through the photo detector in response 
to a reverse bias applied to the photo detector (as op- 
posed tothe forward bias to which the VCSEL is subject) 
represents the intensity of the light in the light generating 
layer of the VCSEL. This arrangement provides a struc- 
turally-simple way to monitor the intensity of the light in 
the light-generating layer of the VCSEL, but may not 
provide an acceptable intensity monitoring accuracy be- 
cause the relationship between the intensity of the light 
in the light-generating layer and the intensity of the light 
beam actually emitted by the VCSEL is not well defined. 

The invention provides an integrated laser-based 
light source that generates an output light beam having 
a controlled intensity. The light source comprises a 
package in which are mounted a laser, a light sensor 
and a coupler. The laser has one and only one light-emit- 
ting face from which a light beam is radiated as a radi- 
ated light beam. The tight sensor generates an electrical 
signal representing the intensity of light energy falling it. 
The coupler couples a fraction of the radiated light beam 
to the light sensor, and provides the remainder of the 
radiated light beam as the output light beam. 

The package may include a post on which the light 
sensor is mounted with the light-receiving surface of the 
light sensor non-parallel to the light-emitting face of the 
laser. In this embodiment, the coupler includes a sub- 
strate that has beam-splitting surface that partially re- 
flects the traction of the radiated light beam as a reflect- 
ed light beam, and that transmits the remainder of the 
radiated light beam as the output light beam. The sub- 
strate is positioned such that the beam splitting surface 
directs the reflected light beam to impinge on the light- 
receiving surface of the light sensor. 

The package may include a header on which the 
laser is mounted, and in which a groove is formed. In 
this embodiment, the substrate is mounted with the 
edge between the beam-splitting surface and a second, 
parallel surface engaged in the groove, and with part of 
the second surface contacting the post. 

The light sensor may be mounted with its light-re- 
ceiving surface at a non-zero angle of incidence to the 
light coupled to the light sensor. Alternatively, the cou- 
pler may be mounted so that the light coupled to the light 
sensor by the coupler impinges on the light sensor at a 
non-zero angle of incidence. These structures prevent 
the light coupl d by the coupler from re-entering the la- 
ser following reflection by the light s nsor. 
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The substrate of the coupler may be made light ab- 
sorbent, which attenuates the intensity of the light cou- 
pled by the coupler and re-entering the laser following 
reflection by the light sensor. 

The coupler may be substantially cubic and may in- 
clude a first pair of surfaces substantially perpendicular 
to a second pair of surfaces. In this embodiment, the 
beam-splitting surface connects one of the first pair of 
surfaces to one of the second pair of surfaces. The cou- 
pler is mounted with one of the first pair of surfaces per- 
pendicular to the radiated light beam, and with the one 
of the second pair of surfaces contacting the light sen- 
sor. The coupler may additionally be mounted with one 
of the first pair of surfaces contacting the light emitting 
surface of the laser. 

The package may include a header, and the laser 
and the light sensor may be mounted side-by-side on 
the header with the light-receiving surface substantially 
parallel to the light-emitting surface. In this embodiment, 
the coupler includes a light-redirecting surface support- 
ed by the package in a position remote from the header. 
The light-redirecting surface re-directs the fraction of the 
radiated light beam towards the light-receiving surface 
of the light sensor, and transmits the remainder of the 
radiated light beam as the output light beam. 

The package may additionally include a can at- 
tached to the header, and the light-redirecting surface 
may operate by reflection to reflect the fraction of the 
radiated light beam towards the light sensor as a reflect- 
ed light beam. In this embodiment, the light-redirecting 
surface is supported by the can at such an angle to the 
radiated light beam that the reflected light beam imping- 
es on the light-receiving surface of the light sensor. 

The can may include a translucent window located 
to transmit the output light beam, and the light source 
may additionally include an insert mounted in the can 
between the header and the translucent window. The 
insert supports the light-redirecting surface. 

The package may include a header on which the 
laser is mounted with the light-emitting surface parallel 
to the header, and on which the light sensor is mounted 
with the light-receiving surface substantially parallel to 
the light-emitting face of the laser. In this embodiment, 
the coupler includes a light-redirecting surface and a re- 
flective surface. The light-redirecting surface is located 
adjacent the laser and operates to redirect the fraction 
of the radiated light beam towards the reflective surface 
as a redirected light beam. The reflective surface oper- 
ates to reflect the redirected light beam at least once 
such that the redirected light beam impinges on the light- 
receiving surface of the light sensor. 

The light-redirecting surface and the reflective sur- 
face may be both mounted on the header with the light- 
redirecting surface operating by reflection. 

The coupler may include a reflection control layer 
to determine the intensity ratio between the fraction of 
the radiated light beam coupled to the light sensor and 
the output light beam. 



The coupler may include an element that deter- 
mines the intensity ratio between the fraction of the ra- 
diated light beam coupled to the light sensor and the 
output light beam. 
s The light source may additionally include a control 
circuit that operates in response to the electrical signal 
generated by the light sensor to control the laser current 
supplied to the laser to cause the laser to generate the 
radiated light beam. The control circuit may additionally 
operate to control the laser current to limit the electrical 
signal generated by the light sensor to a predetermined 
maximum corresponding to a predetermined maximum 
intensity of the output light beam. • 

The radiated light beam generated by the laser may 
have a signal-to-noise ratio that depends on its intensity. 
The intensity at which the radiated light beam has a sig- 
nal-to-noise ratio above a threshold level may be greater 
than a predetermined maximum intensity. In this case, 
the coupler may couple such a fraction of the radiated 
light beam to the light sensor that the output light beam 
has a signal-to-noise ratio greater than the threshold 
level and an intensity less than the predetermined max- 
imum intensity. 

The light source may be one of plural light sources 
constituting an array of light sources, each of which gen- 
erates a light beam having a controlled intensity. 

The coupler may operate by back diffracting the 
fraction of the radiated light beam to the light sensor, 
and by transmitting the remainder of the radiated light 
beam as the output light beam. Alternatively, the coupler 
may operate by transmitting the fraction of the radiated 
light beam to the light sensor, and by reflecting the re- 
mainder of the radiated light beam as the output light 
beam. 

Figure 1 shows a side view of a known integrated 
light source generating light with a controlled intensity 
based on an edge-emitting laser. 

Figure 2A shows a side view of a first embodiment 
of an integrated laser-based light source according to 
the invention for generating light with a controlled inten- 
sity. 

Figure 2B shows more details of the optical ar- 
rangement of the embodiment of the integrated laser- 
based light source according to the invention shown in 
Figure 2A. 

Figures 2C-2E show three alternative structures for 
attenuating the light re-entering the laser following re- 
flection of the reflected light beam by the light sensor in 
the embodiment of the integrated laser-based light 
source according to the invention shown in Figure 2A. 

Figure 2F is a graph showing the relationship be- 
tween the intensity of the light beam generated by a 
sample VCSEL, the intensity of the output light beam, 
and the output current generated by the light sensor in 
response to the reflected light beam at different values 
of the current through the VCSEL in the embodiment of 
the integrated laser-based light source according to the 
invention shown in Figure 2A. 
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Figure 3A shows a side view of a second embodi- 
ment of the integrated laser-based light source accord- 
ing to the invention. 

Figure 3B shows details of a variation on the em- 
bodiment of the integrated laser-based light source ac- 
cording to the invention shown in Figure 3A. 

Figure 4A shows a side view of a first variation on 
a third embodiment of the integrated laser-based light 
source according to the invention. 

Figure 4B shows a side view of a second variation 
on the third embodiment of the integrated laser-based 
light source according to the invention. 

Figure 4C shows a side view of a third variation on 
the third embodiment of the integrated laser-based light 
source according to the invention. 

Figure 4D shows a side view of a fourth variation on 
the third embodiment of the integrated laser-based light 
source according to the invention. 

Figure 4E shows a cross-sectional view of a fifth 
variation on the third embodiment of the integrated la- 
ser-based light source according to the invention. 

Figure 4F shows a side view of a sixth variation of 
a third embodiment of the integrated laser-based light 
source according to the invention. 

Figure 4G shows a side view of a seventh variation 
of the third embodiment of the integrated laser-based 
light source according to the invention. 

Figure 4H is a graph showing the output current of 
the light detector plotted against the output of a large- 
area light detector mounted in the output light beam gen- 
rated by the variation shown in Figure 4D. 

Figures 5 A and 5B respectively show a top view and 
a cross sectional view of the VCSEL/light sensor assem- 
bly used in the variations shown in Figures 4D, 4E, and 
4G. 

Figure 6A shows a side view of a fourth embodiment 
of the integrated laser-based light source according to 
the invention. 

Figure 6B shows details of the optical arrangement 
of the fourth embodiment of the integrated laser-based 
light source according to the invention. 

Figure 6C shows a top view of the fourth embodi- 
ment of the integrated laser-based light source accord- 
ing to the invention adapted to operate with an array of 
lasers. 

Figure 7 is a side view of a fifth embodiment of the 
integrated laser-based light source according to the in- 
vention. 

Figures 8 A and 8B respectively show a top view and 
a cross-sectional view of a sixth embodiment of the in- 
tegrated laser-based light source according to the in- 
vention. 

An integrated laser-based light source according to 
the invention has a laser and a light sensor mounted in 
a common package. The laser generat s a radiated light 
beam in response to a laser current. A coupler is also 
mount d in the package in a position such that it is illu- 
minat dbyth radiated light beam. The coupler couples 



a fraction of the radiated light beam into the light s nsor 
and also provides the remainder of the radiated light 
beam as the output light beam. The light sensor gener- 
ates an electrical signal that represents the intensity of 

& the fraction of the radiated light beam coupled to the light 
sensor by the coupler. Since the light coupled to the light 
sensor by the coupler is a fraction of the radiated light 
beam, the electrical signal generated by the light sensor 
also represents the intensities of the radiated light beam 

10 and of the output light beam. A suitable control circuit, 
when fed with the electrical signal generated by the light 
sensor, can control the laser current to hold the electrical 
signal generated by the light sensor to a predetermined 
value that corresponds to the outout light beam having 

is a predetermined intensity. 

In the various embodiments that will be described 
below, examples of couplers operating by partial reflec- 
tion, back-scattering, back-diffraction, and transmission 
at one or more surfaces are described. Also described 

20 are arrangements in which the laser and the light sensor 
are mounted on a common surface, on two orthogonal 
surfaces, coaxially with one on top of the other, or in • 
other arrangements relative to one another. In other ex- 
amples, the laser and the light sensor are formed in a 

25 common layer structure. 

References is this disclosure to ■light" will be taken 
to encompass other forms of electromagnetic energy 
capable of being generated by lasers. 

A first embodiment 1 00 of a laser-based light source 

30 that generates light with a controlled intensity will now 
be described with reference to Figure 2A. In this first 
embodiment, which uses a slightly modified version of 
the package used for the edge-emitting laser described 
above with respect to Figure 1 , the vertical-cavity sur- 

35 face-emitting laser (VCSEL) 101 is mounted on the 
header 103 of the package 105. The VCSEL 101 emits 
the radiated light beam 107 from the light-emitting sur- 
face 109. The light sensor 111 is mounted on the post 
113, which is mounted on the header 103 adjacent the 

40 VCSEL 101 . The coupler 11 4 is mounted in the package 
105 and couples a fraction of the radiated light beam 
107 generated by the VCSEL into the light sensor 111 
as the reflected light beam 117, and transmits the re- 
mainder of the radiated light beam 107 as the output 

45 light beam 119. 

The package 105 is completed by the can 106, 
which is attached to the header 1 03. The can is normally 
welded to the header 103 to form a hermetic seal. The 
can includes the window 108 through which the output 

50 light beam 1 1 9 exits the light source. The window is nor- 
mally coated with the anti-reflective layers 110 to pre- 
vent the window from reflecting part of the output light 
beam 119 back into the VCSEL 101. 

In this first embodiment, the plane beam splitter 115 

ss operates as the coupler 114 and coupl s a fraction of 
the radiated light beam 107 into the light sensor 111 as 
the reflected light beam 1 1 7 and transmits the remainder 
of the light beam 1 07 as the output light beam 1 1 9. The 
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light sensor 111 generates an electrical signal repre- 
senting the intensity of the reflected light beam 117 di- 
vided from the radiated light beam 107 by the plane 
beam splitter 115. Since the plane beam splitter reflects 
a fixed fraction of the light beam 107 as the r fleeted 
light beam 117, which it directs into the light sensor 111, 
and transmits the remainder of the radiated light beam 
107 as the output light beam 119, the electrical signal 
generated by the light sensor 111 also represents the 
intensity of the output light beam 119 radiated by the 
light source 100, and is therefore suitable for controlling 
the intensity of the output light beam 119 generated by 
the VCSEL-based light source 100. 

Figure 2F shows the relationship between the inten- 
sity of the radiated light beam 107 generated by a sam- 
ple VCSEL, the intensity of the output light beam 119, 
and the output current generated by the light sensor 111 
in response to the reflected light beam 117 at different 
values of the current through the VCSEL. It can be seen 
that the output current generated by the light sensor ac- 
curately tracks the intensity of the output light beam 119. 

In the VCSEL-based light source 100, the VCSEL 
101 is formed by delineating a conductive region in a 
layer structure obtained by epitaxially depositing several 
tens of layers (collectively indicated by the reference nu- 
meral 121) of semiconductor material on the substrate 
123 to provide a light-generating layer sandwiched be- 
tween two conductive mirror layers. The layer structure 
is described in detail in European patent application 
0709939, the disclosure of which is incorporated by ref- 
erence, and is also described in some detail below with 
reference to Figures 8A and 8B. 

The substrate 123 is mounted in electrical and 
physical contact with the header 1 03 of the package 1 05 
using a suitable chip mounting technique, many of which 
are known in the art. A second electrical contact is made 
to the VCSEL 101 by the conductor 125 that passes 
through an electrically-isolated passage (not shown) in 
the header 103. The conductor 125 is connected to a 
metallization layer (not shown) on the VCSEL 101 by 
the bonding wire 126. 

The VCSEL 101 generates the radiated light beam 
107 in response to an electric current provided by the 
control circuit 1 27 and fed to the VCSEL via the conduc- 
tors 125 and 126. For currents between a threshold val- 
ue and a saturation value, the intensity of the light beam 
107 is roughly proportional to the current (see Figure 
2F). 

The light sensor 111 preferably has a conventional 
photo diode structure formed in silicon, gallium arse- 
nide, indium gallium arsenide, or some other suitable 
material. The preferred material depends on the wave- 
length of the light beam 1 1 7. Other suitable light sensing 
elements, such as a solar cell, may alternatively be used 
for the light sensor 111 . The light sensor is mounted on 
the post 113 using a suitable chip mounting technique, 
many of which are known in the art. 

Preferably, the light sensor 111 is mounted in phys- 



ical and electrical contact with the post 113, but may al- 
ternatively be electrically isolated from the post. A sec- 
ond electrical contact is made to the light sensor 111 by 
the conductor 1 29 which passes through an electrically- 

5 isolated passage (not shown) in the header 103. The 
conductor 1 29 is connected to a metallization layer (not 
shown) on the light sensor 1 1 1 by the bonding wire 1 30. 
Suitable circuitry (not shown) applies a reverse bias to 
the light sensor 111, and the output current from the light 

10 sensor, which depends on the intensity of the reflected 
light beam 117, is fed via the conductors 129 and 130 
to the control circuit 1 27. 

In response to the output current from the light sen- 
sor 1 1 1 and the digital input signal received via the input 

is terminal 1 28, the control circuit 1 27 controls the current 
fed through the VCSEL 101 to that which maintains the 
intensity of the output light beam 1 1 9 at a predetermined 
level in one or both of the high light condition and in the 
low light condition. The circuitry of the control circuit 1 27 

20 is conventional, and will not be described here. The con- 
trol circuit may be mounted inside the package 105, in 
which case, the bonding wires 126 and 130 would be 
connected to the control circuit, and the conductors 125 
and 129 would be used to transfer the input signal and 

25 power to the control circuit mounted on the header 103 
in the package 105. The control circuit may also be in- 
tegrated with the light sensor 111 or the VCSEL 101. 

The light sensor 111 includes the light-receiving sur- 
face 1 31 through which the reflected light beam 117 de- 

30 rived from the radiated light beam 107 enters the light 
sensor. In the embodiment shown in Figure 2A, the light 
sensor is mounted on the post 1 1 3 with the light-receiv- 
ing surface 1 31 non-parallel to the light-emitting surface 
109 of the VCSEL 101. 

35 in this first embodiment, the plane beam splitter 1 1 5 
includes the substrate 116 mounted in the path of the 
radiated light beam 107. The substrate 116 has two par- 
allel surfaces, the beam-splitting surface 133 and the 
non-reflective surface 139. The beam-splitting surface 

40 reflects a fraction of the radiated light beam 107 gener- 
ated by the VCSEL 1 01 as the reflected light beam 117, 
and transmits the remainder of the radiated light beam 
as the output light beam 1 1 9. In a practical embodiment, 
a piece of an optical flat about 2mm square and about 

45 200 iim thick was used as the substrate. Quartz or plas- 
tic could be used as alternative materials for the plane 
beam splitter. 

The plane beam splitter 115 is mounted on the 
header 1 03, in which the groove 1 35 is formed at a dis- 

50 tance from the plane of the post 113 approximately 
equal to the height of the post. The plane beam splitter 
1 1 5 is then mounted with the edge 1 37 between the non- 
reflecting surface 139 and the beam-splitting surface 
133 engaged in the groove 135, and part of the non- 
55 reflecting surface remote from the edge 137 resting on 
the post 113. The actual position of the groove 135 rel- 
ative to the post 113 is set such that the reflected light 
beam 117 from the beam-splitting surfac 133 of the 
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plane beam splitter 115 impinges on the center ot the 
light sensor 111. The plane beam splitter 1 1 5 is retained 
in position by a suitable adhesive or by clips (not shown) 
attached to the header 103 and/or the post 113. The 
groove 1 35 may be omitted, which enables an unmodi- 5 
fied post-type header to be used. 

The optical arrangement of the light source 100 is 
shown in greater detail in Figure 2B. Figure 2B shows 
the VCSEL 101 mounted on the part of the header 103, 
the light sensor 111 mounted on part of the post 113, 
which is attached to the header 103 as shown in Figure 
2A, and part of the plane beam splitter 115, which cou- 
ples a fraction of the radiated light beam 107 generated 
by the VCSEL 101 into the light sensor 111 as the re- 
flected light beam 117, and transmits the remainder of 
the radiated light beam 1 07 as the output light beam 119. 

To control transmission and reflection by the beam 
splitter 115, a suitable anti-reflective layer 141 is depos- 
ited the non-reflecting surface 1 39 of the substrate 116. 
The non-reflecting surface is the surface of the substrate 
adjacent the VCSEL 101 and the light sensor 11 1 . Suit- 
able materials for the anti-reflective layer and proce- 
dures for determining the thickness of the anti-reflective 
layer according to the wavelength of the radiated light 
beam 107 generated by the VCSEL 101 are known in 
the art, and will therefore not be described here. The 
anti-reflective layer 141 minimizes reflection of the radi- 
ated light beam 107 at the non-reflecting surface 139 of 
the plane beam splitter. As a result, the radiated light 
beam passes through the non-reflecting surface and the 
substrate 116 to the beam-splitting surface 133, where 
the fraction of the radiated light beam 107 is reflected 
as the light beam 117, and the remainder of the radiated 
light beam is transmitted as the output light beam 119. 
In the practical embodiment referred to above, the anti- 
reflective layer 141 was omitted. 

Alternatively, the surface of the substrate 116 adja- 
cent the VCSEL 101 and the light sensor 111 may be 
used as the beam-splitting surface. In this case, an anti- 
reflective layer may be applied to the surface of the sub- 
strate remote from the VCSEL and the light sensor to 
maximize transmission of the output light beam 119. 
However, with this alternative arrangement, light reflect- 
ed back to the VCSEL 101 from the light-receiving sur- 
face 131 of the light sensor cannot be attenuated by 
making the substrate light absorbent, as will be dis- 
cussed in more detail below. 

The fraction of the radiated light beam 1 07 reflected 
by the plane beam splitter 115 as the reflected light 
beam 117 depends on the reflectivity of the beam-split- 
ting surface 133. The fraction of the light beam that 
needs to be reflected to enable the control circuit 1 27 to 
control the intensity of the output light beam without in- 
troducing noise into the output light beam depends on 
a trade-off betw en the efficiency of the device 100 (the 
reflected light beam 1 1 7 is diverted from the output light 
beam 1 1 9) and the signal-to-noise ratio of th lectrical 
output of th light sensor 111. The intensity of th re- 



flected light beam must be sufficiently high in relation to 
the sensitivity of the light sensor 111 to ensure that the 
output of the light sensor 111 has a signal-to-noise ratio 
that is sufficiently high to prevent operation of the control 
circuit 127 from degrading the signal-to-noise ratio of 
the output light beam. 

In some applications, the intensity of the radiated 
light beam 107 and the sensitivity of the light detector 
111 may both be sufficiently high for the 4% reflectivity 
of a glass-air boundary to provide the output signal from 
light sensor 111 with the desired signal-to-noise ratio. 
However, many common applications require the re- 
flected light beam 117 to have an intensity in the range 
of 10-20% of that of the radiated light beam 107. More- 
over, in applications in which the output light beam 119 
has a low intensity, a reflectivity of greater than 20% may 
be required to provide the reflected light beam 117 with 
sufficient intensity. In other applications, the 4% reflec- 
tivity of the glass-air boundary may provide too much 
reflection. Thus, the reflection control layer 143 is de- 
posited on the beam-splitting surface 1 33 of the plane 
beam splitter 115 to determine the reflectivity of the 
beam-splitting surface 133, and to set the intensity ratio 
between the reflected light beam 117 and the output light 
beam 119. Suitable materials for the reflection control 
layer and procedures for determining the thickness of 
the reflection control layer to reflect a desired fraction of 
the radiated light beam 107 are well known in the art, 
and will not be described here. 

Another factor may also be used to determine the 
reflectivity of the beam-splitting surface 133. In some 
applications, the maximum intensity of the output light 
beam 119 must be limited for eye safety reasons. This 
maximum intensity may be less than the intensity at 
which some lasers generate the radiated light beam with 
a maximum signal-to-noise ratio. In these circumstanc- 
es, the reflection control layer 143 can be designed to 
provide the beam-splitting surface 133 with a relatively 
high reflectivity. This enables the VCSEL 101 to be op- 
erated so that the radiated light beam 107 is generated 
at an intensity at which its signal-to-noise ratio is at or 
close to maximum. The reflectivity of the beam-splitting 
surface is then chosen to set the intensity of the output 
light beam to that which comfortably meets the safety 
standard. The beam-splitting surface reflects a majority 
of the radiated light beam towards the light sensor 111 
and transmits a relatively small fraction of the radiated 
light beam as the output light beam. Despite its lower 
intensity, the output light beam has substantially the 
same signal-to-noise ratio as the radiated light beam be- 
cause the beam-splitting surface equally attenuates 
both the radiated light beam and any noise in the radi- 
ated light beam. In this type of light source, the reflection 
control layer may provide the beam-splitting surface 
with a reflectivity of greater than 80% in some applica- 
tions. 

Th intensity of the output light beam may be re- 
duced r lative to that of th radiated light beam not only 
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by reflection by the beam splitting surface, but also by 
using a light-absorbing material for the substrate 116. 

In this embodiment, and in all of the embodiments 
described in this disclosure, accurate control of the in- 
tensity of the light beam 119 by the control circuit 127 
depends on the coupler 1 1 4 having a fixed transfer func- 
tion between the radiated light beam 107 on one hand 
and the reflected light beam 117 and the output light 
beam 11 9 on the other hand. Since the reflectivity of the 
coupler's beam-splitting surface, which is a boundary 
such as a glass-air boundary, a quartzair boundary, or 
a plastic-air boundary, or such boundaries coated with 
a metallized reflection-control layer, depends on the di- 
rection of polarization of the radiated light beam, it is 
important that the VCSEL 101 generate the radiated 
light beam with a defined direction of polarization to pro- 
vide the coupler with a fixed transfer function. Other- 
wise, variations in the direction of polarization of the ra- 
diated light beam would cause the transfer function of 
the coupler to change. Any change in the transfer func- 
tion of the coupler due to a change in the direction of 
polarization would cause the control circuit to change 
the intensity of the radiated light beam (and, hence of 
the output light beam) unnecessarily. VCSEL structures 
capable of generating the radiated light beam with a de- 
fined direction of polarization are described briefly below 
with reference to Figures 5A and 5B. 

Additionally or alternatively, a series of dielectric 
layers may be used as the reflection-control layer on the 
beam-splitting surface of the coupler. The transfer func- 
tion of such a beam-splitting surface is substantially in- 
dependent of the direction of polarization of the radiated 
light beam. 

The light sensor 1 1 1 has the anti-reflective layer 1 45 
deposited on the light-receiving surface 131. The anti- 
reflective layer 145 both maximizes the detection effi- 
ciency of the light sensor 111, and minimizes the inten- 
sity of the reciprocal beam 147 reflected by the light- 
receiving surface of the light sensor. Although Figure 2B 
shows the reciprocal beam 1 47 laterally offset from the 
light beams 117 and 107 for clarity, the reciprocal beam 
actually returns to the VCSEL 101 along the paths of the 
reflected light beam 117 and the radiated light beam 
107. Along these paths, the reciprocal beam is partially 
reflected by the beam-splitting surface 1 33 of the plane 
beam splitter 115. The reciprocal beam 147 has the 
same wavelength as, but a different phase from, the ra- 
diated light beam 107 generated by the VCSEL 101 and 
therefore has the potential to impair the performance of 
the VCSEL, by, for example, degrading the signal-to- 
noise ratio of the radiated light beam 107. Minimizing 
the intensity of the reciprocal beam 147 reduces its abil- 
ity to impair the performance of the VCSEL 101 . 

The ability of the reciprocal beam 1 47 to impair the 
performance of the VCSEL 101 can be further reduced 
by using light-absorbent glass for the substrate 116 of 
the plane b am splitter 115. The need for such addition- 
al precautions depends on a number of factors, includ- 



14 

ing the reflectivity of the light-receiving surface 131 of 
the light sensor 111 and of the beam-splitting surface 
133 of the plane beam splitter, and the susceptibility of 
the VCSEL to disturbance by an external light beam. 

s The plane beam splitter 115 also reduces the ability 
of any reflection of the output light beam 119 (for exam- 
ple, reflection from a face of the optical fibre into which 
the output light beam is coupled) to impair the perform- 
ance of the VCSEL 101. The beam-splitting surface 1 33 

10 of the plane beam splitter reflects a fraction of any re- 
flection of the output light beam 119 and therefore re- 
duces the intensity of the reflection of the output light 
beam 119 reaching the VCSEL 101. Using a light-ab- 
sorbent glass for the substrate 116 further reduces the 

15 intensity of the reflection of the output light beam 119 
reaching the VCSEL 101 . 

The ability of the reciprocal beam 1 47 to impair per- 
formance of the VCSEL 101 can also be reduced by 
mounting the light sensor 111 so that the reflected light 

20 beam 117 impinges on the light-receiving surface 131 
at a non-zero angle of incidence, as shown in Figures 
2C-2E. Mounting the light sensor so that the reflected 
light beam 117 impinges on the light-receiving surface 
at a non-zero angle of incidence causes the reciprocal 

25 beam 1 47 A to travel back through the optical system on 
a path different from the paths of the light beams 107 
and 117. As a result, most of the reciprocal beam im- 
pinges upon the VCSEL 101 outside the active area 
149, which is only a few microns across, and the inten- 

30 sity of the reciprocal beam returning to the active area 
of the VCSEL after reflection by the light sensor is sub- 
stantially reduced. 

In the light source 100A shown in Figure 2C, the 
angle of incidence of the reflected light beam 1 1 7 on the 

35 light sensor 111 is increased by bending the post 113A 
relative to the header 1 03 so that the part of the post on 
which the light sensor is mounted is not perpendicular 
to the header. In the embodiment 100B shown in Figure 
2D, the angle of incidence of the reflected light beam 

40 117 on the light sensor*1 1 1 is increased by mounting the 
light sensor 111 on the angled pad 151, which, in turn, 
is mounted on the unmodified post 113. In the embodi- 
ment 100C shown in Figure 2E, the plane beam splitter 
115A is mounted at an angle different from 45° so that 

45 the reflected light beam impinges on the light sensor 111 
mounted on the unmodified post 1 1 3 at a non-zero angle 
of incidence. 

Figures 2B-2E also show how the radiated light 
beam 107 is refracted at the surfaces 133 and 139 of 

50 the plane beam splitter 1 1 5. As a result of this refraction, 
when the VCSEL 101 is mounted on the optical axis of 
the package 105, the output light beam 119 is emitted 
from a location laterally shifted relative to the optical ax- 
is. This shift can be especially probl matical wh n th 

55 package 105 is mounted with its physical axis on the 
optical axis, and the output light beam is coupled to an- 
other component also located on the optical axis. The 
output light beam 119 can be r stored to the physical 
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axis of the package 1 05 by mounting the VCSEL on the 
header 103 in location appropriately offset from the 
physical axis. 

Figure 3A shows the light source 200, which is a 
second embodiment of the light source according to the 
invention, in which the cubic beam splitter 215 is used 
as the coupler 114 to couple a fraction of the radiated 
light beam 107 generated by the VCSEL 101 to the light 
sensor 111 as the reflected light beam 117 and to trans- 
mit the remainder of the radiated light beam 107 as the 
output light beam 119. In Figure 3A, the same elements 
as those described above with respect to Figure 2A are 
indicated by the same reference number, and will not be 
described again here. 

The radiated light beam 107 generated by the VC- 
SEL 101 enters and leaves the cubic beam splitter 215 
at a zero angle of incidence, and is therefore not refract- 
ed by the beam splitter. Accordingly, when the VCSEL 
is mounted on the physical axis of the package 105, the 
output light beam 119 is emitted on this axis. 

The reflectivity of the beam-splitting surface 253 of 
the cubic beam splitter 215 is controlled by a reflection 
control layer, which is a layer of metal or dielectric that 
determines the amount of the radiated light beam 107 
reflected by the beam-splitting surface to generate the 
reflected light beam 117. The reflectivity of the beam- 
splitting surface 253 is chosen to set the intensity ratio 
between the reflected light beam 1 1 7 and the output light 
beam 119 in the same manner as that described above 
with reference to Figure 2A. 

In the embodiment shown in Figure 3A, the cubic 
beam splitter 215 is mounted by attaching the surface 
255 to the light-receiving surface 1 31 of the light sensor 
111. An index-matching cement is preferably used for 
this purpose to minimize reflection at the boundary be- 
tween the beam splitter and the light sensor. The sur- 
faces 255, 257 and 259 of the beam splitter may be coat- 
ed with an anti-reflective coating (not shown) to mini- 
mize the intensity of light reflected back into the VCSEL 
101. 

Figure 3B shows part of the light source 250, which 
is a variation on the second embodiment of the light 
source according to the invention. The package 1 05 ex- 
cept part of the header 103 is omitted from Figure 3B so 
that the arrangement of the VCSEL 101 , the light sensor 
1 1 1 and the cubic beam splitter 215 can be shown in 
more detail. The package and the connection of the 
bonding wires 126 and 130 to the conductors 125 and 
129 is the same as shown in Figure 3A. 

In the variation shown in Figure 3B, the header 103 
is a standard header and lacks the post 113 used in the 
embodiments described above. The VCSEL 101 is 
mounted on the header 103, as described above with 
reference to Figure 2A. The surface 257 of the cubic 
beam splitter 215 is attached to the light-emitting sur- 
face 109 of the VCSEL 101, and the light sensor 111 is 
attached to the surface 255 of the beam splitter. The 
beam splitter is attached to the VCSEL and the light sen- 



sor is attached to the beam splitter preferably using an 
index-matching cement. The surfaces 255, 257, and 
259 are preferably coated with an anti-reflective layer to 
minimize the intensity of light reflected back into the VC- 

5 SEL 101. The bonding wire 261 provides an electrical 
connection between the back of the light sensor 111 and 
the header 103. 

In the variations shown in Figures 3A and 3B, the 
cubic beam splitter 21 5 may be constructed with the sur- 

10 face 255 non-orthogonal to the surfaces 257 and 259 to 
provide a non-zero angle of incidence between the re- 
flected light beam 217 and both the surface 255 and the 
light-receiving surface 231 of the light sensor 111 . Alter- 
natively, the cubic beam splitter may be constructed with 

is the beam-splitting surface 253 at an angle of incidence 
different from 45° to the radiated light beam 107 to pro- 
vide a non-zero angle of incidence to the surface 255 
and to the light-receiving surface 1 31 of the light sensor 
111. A non-zero angle of incidence results in any light 

20 reflected by the surface 255 or the light-receiving sur- 
face 1 31 impinging on the VCSEL 101 outside its active 
area in a manner similar to that described above with 
respect to Figures 2C-2E. 

A number of variations on a third embodiment of the 

25 light source according to the invention are shown in Fig- 
ures 4A-4G. In Figures 4A-4G, the same elements as 
those shown in Figures 2A and 2B are indicated using 
the same reference numerals. In the third embodiment, 
a standard (no post) header is used, the light sensor is 

30 mounted on the header, and the VCSEL is mounted ad- 
jacent the light sensor with its light emitting surface sub- 
stantially parallel to the light-receiving surface of the 
light sensor. A surface supported by the package re-di- 
rects a fraction of the radiated light beam generated by 

35 the VCSEL back to the light sensor by reflection or by 
back scattering to enable the light sensor to monitor the 
intensity of the output light beam. 

The VCSEL and the light sensor may be mounted 
coaxialty with one another on the header, or may be 

40 mounted side-by-side on the header. When separate 
chips are used for the VCSEL and the light sensor, and 
are mounted side-by-side, they are typically separated 
by between 0.2 and 1 mm. Alternatively, the VCSEL and 
the light sensor can be formed in a common piece of 

45 semiconductor material, in which case the separation 
between the elements may be less than the range set 
forth above. However, a separation of greater than 0.1 
mm is preferable to reduce electrical and thermal cross- 
talk between the elements. 

so Electrical connections are made to the VCSEL and 
the light sensor in a similar manner to that described 
above with respect to Figure 2 A. The electrical output 
of the light sensor is fed to a control circuit similar to the 
control circuit 127 shown in Figure 2A, but which has 

55 been omitted from the drawings of Figures 4A-4G to 
simplify these drawings. The control circuit controls the 
current fed to the VCSEL in the high light condition, or 
in the low light condition, or in both the high light condi- 
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tion and the low light condition, also as described above 
with r ference to Figure 2A. 

Figure 4A shows the light source 300, which is first 
variation on the third embodiment of the light source ac- 
cording to the invention. In the light sourc 300, the VC- 
SEL 101 and the light sensor 111 are mounted side-by- 
side on the header 103 of the package 105. The can 
106 of the package is fitted with the modified window 
303. The modified window supports the angled portion 
305, which serves as the coupler 31 4A and couples a 
fraction of the radiated light beam 107 generated by the 
VCSEL 101 back to the light sensor 111 as the reflected 
light beam 117, and transmits the remainder of the ra- 
diated light beam 107 as the output beam 119. The an- 
gled portion 305 is located in the window 303 so that it 
is substantially centered on the radiated light beam 107. 
The angled portion has substantially plane and parallel 
surfaces 307 and 309 that are set at such an angle rel- 
ative to the radiated light beam 107 that the reflected 
light beam 117 reflected by the surface 307 impinges on 
the light sensor 111. The window 303 including the an- 
gled portion 305 is a molding or pressing in quartz, 
glass, plastic or some other suitable material. In an al- 
ternative arrangement, the modified window 303 may 
be omitted, and the angled portion 305 may be directly 
supported by the can 1 06. 

The surface 307 of the angled portion 305 may be 
coated with the reflection control layer 311, which is a 
metal or dielectric layer whose reflectivity is chosen to 
determine the relative intensities of the reflected light 
beam 1 1 7 and the output beam 11 9, as described above 
with reference to Figure 2 A. The reflection control layer 
31 1 may be omitted in applications in which the intrinsic 
reflectivity of the surface 307 provides the desired inten- 
sities. 

Figure 4B shows the light source 320, a second var- 
iation, which uses a standard can 106 with a standard 
window 1 08. These standard parts are lower in cost than 
the can with the modified window shown in Figure 4A. 
The can 106 is fitted with the insert 321 . Otherwise the 
structure of the variation 320 shown in Figure 4B is the 
same as that of the variation shown in Figure 4A, and 
will not be described further. 

The insert 321 includes the angled portion 323, 
which serves as the coupler 31 4B, and couples a frac- 
tion of the radiated light beam 1 07 generated by the VC- 
SEL 101 back to the light sensor 111 as the reflected 
light beam 117, and transmits the remainder of the ra- 
diated light beam 107 as the output beam 119. The an- 
gled portion 323 is located in the insert 321 so that it is 
substantially centered on the radiated light beam 107. 
The angled portion has substantially plane and parallel 
surfaces 325 and 327 that are set at such an angle rel- 
ative to the radiated light beam 107 that the reflected 
light beam 1 1 7 reflected by the surface 325 impinges on 
the light sensor 111. The insert 321 may be a molding 
or pressing in quartz, glass, plastic or some other suit- 
able material. 



The surface 325 of the angled portion 323 may be 
coated with the reflection control layer 329, which is a 
metal or dielectric layer whose reflectivity is chosen to 
determine the relative intensities of the reflected light 
s beam 1 1 7 and the output beam 1 1 9 as described above 
with reference to Figure 2A. The reflection control layer 
329 may be omitted in applications in which the intrinsic 
reflectivity of the surface 325 provides the desired inten- 
sities. 

The window 108 is preferably coated with the anti- 
reflective layers 110 to prevent multiple reflections oc- 
curring between the window 1 08 and the insert 321 and 
to prevent the window from reflecting part of the output 
light beam back into the VCSEL 101 . 

Figure 4C shows the light source 340, a third vari- 
ation, in which the window 341 of the package 105 sup- 
ports the ball lens 343. The convex surface 345 of the 
ball lens 343 serves as the coupler 31 4C, and couples 
a fraction of the radiated light beam 107 generated by 
the VCSEL 101 back to the light sensor 111 as the re- 
flected light beam 117, and transmits the remainder of 
the radiated light beam 1 07 as the output beam 119. The 
radiated light beam 107 diverges slightly as it radiates 
from the VCSEL 101. Thus, the outer parts of the light 
beam impinge on the beam -splitting surface 345 of the 
ball lens at a non-zero angle of incidence and are re- 
flected by the beam-splitting surface 345 at an angle to 
the optical axis. For example, the outer part 347 of the 
radiated light beam 107 is reflected by the beam-split- 
ting surface 345 at such an angle that the reflected light 
beam 117 impinges on the light sensor 111. 

Using the convex surface 345 of the ball lens 343 
as the coupler provides a number of advantages. Only 
an infinitely small segment of the convex surface is dis- 
posed at a zero angle of incidence to the radiated light 
beam 107. Thus, the convex surface minimizes the in- 
tensity of the reciprocal light beam returned to the VC- 
SEL 101 following reflection of the reflected light beam 
117 by the light receiving surface of the light sensor .111 
and the convex surface. Also, the reflected light beam 
117 diverges from the convex surface, which reduces 
the requirements on the accuracy with which the light 
sensor must be positioned relative to the VCSEL. 

The window 341 and ball lens 383 may be a molding 
or pressing in glass, quartz, plastic, or some other suit- 
able material. The ball lens may also be made of sap- 
phire. In an alternative arrangement, the window may 
be omitted, and the ball lens may be directly supported 
by the can 106. In another alternative, the convex sur- 
face of a spherical or parabolic lens may be substituted 
for the convex surface of the ball lens as the convex 
beam-splitting surface 345. 

The beam-splitting surface 345 of the ball lens 343 
may be coated with the reflection control layer 349, a 
metal or dielectric layer which determines the reflectivity 
of the surface 345, and therefore determines the relative 
intensities of the reflected light beam 117 and the output 
light beam 119, as described above with ret rence to 



75 



20 



25 



30 



35 



40 



45 



50 



BNSDOCID: <EP 0786837A2J_> 



10 



19 EP 0 786 837 A2 20 



Figure 2A. The surface 346 of the bait lens opposite the 
beam-splitting surface is preferably coated with the anti- 
reflective layer 348. 

In the embodiment shown in Figure 4C, only part of 
the reflected light beam 117 falls on the light detector 
111 . The rest of the reflected light beam is absorbed or 
reflected by the header 103 and the VCSEL 101 . In the 
light source 350, a fourth variation shown in Figure 4D, 
the large light sensor 351 is mounted on the header 1 03, 
and the VCSEL 1 01 is mounted in the center of the light- 
receiving surface 353 of the light sensor 351 preferably 
centered on the optical axis, to form the VCSEL/light 
sensor assembly 361 . The part of the light-receiving sur- 
face 353 not covered by the VCSEL 101 and the track 
417 (Figure 5A) captures most of the reflected light 
beam 117, and, as a result, the light sensor generates 
an electrical output with a larger signal-to-noise ratio for 
a given intensity of the reflected light beam than the var- 
iation shown in Figure 4C. Details of the VCSEL/light 
sensor assembly 361 will be described below with ref- 
erence to Figures 5A and 5B. 

The VCSEL/light sensor assembly 361 is mounted 
with the conductive layer 407 (Figure 5B) on the back 
of the light sensor 351 in physical and electrical contact 
with the header 103. The electrical output of the large 
light sensor 351 is connected to the conductor 129 by 
the bonding wire 1 30 connected between the conductor 
129 and the bonding pad 411 . The electrical current for 
the VCSEL 1 01 is connected from the conductor 1 25 by 
the bonding wire 1 26 connected between the conductor 
125 and the conductive layer 419. The electrical circuit 
for the VCSEL is completed by connecting one end of 
the bonding wire 355 to the bonding pad 41 5. Figure 4D 
shows the other end of the bonding wire 355 connected 
to the header 1 03. Alternatively, the VCSEL circuit may 
be electrically isolated from the light sensor circuit by 
connecting the other end of the bonding wire 355 to an 
additional conductor (not shown, but similar to the con- 
ductors 125 and 129) passing through an insulated pas- 
sage (not shown) in the header 103. 

With the exceptions noted above, the light source 
350 shown in Figure 4D is similar to that described 
above with reference to Figure 4C and will not be de- 
scribed further. 

Figure 4H is a graph showing the output current of 
the light sensor 351 plotted against the output of a large- 
area light detector mounted in the output light beam 1 1 9 
generated by the embodiment shown in Figure 4D. Fig- 
ure 4H shows a substantially linear relationship between 
the output of the light sensor 351 and the output of the 
light detector mounted in the output light beam, and in- 
dicates that the output of the light sensor 351 accurately 
represents the intensity of the output light beam 119. 

In some applications, it is preferable not to have the 
ball lens 343 integral with the window 341 of the can 
1 06, as in the embodiment shown in Figure 4D, because 
accurate positioning of the components of such an ar- 
rangement is required to center the ball lens on the ra- 



diated light beam 1 07. Figur 4E shows the light source 
500, a fifth variation of the third embodiment of th laser- 
based light source according to the invention. This light 
source is intended primarily for use in an optical com- 

s munication link. In Figure 4E, elements similar to the el- 
ements described above with reference to Figure 4D are 
indicated by the same reference numerals, and will not 
be described again here. 

In the light source 500, the package 501 has a nose 

10 portion 502 and a body portion 504 disposed along an 
axis defining the optical axis. The bore 503 is formed in 
the nose portion concentric with the optical axis. The 
bore is precisely dimensioned to receive an optical fibre 
(not shown) in a manner that defines the lateral location 

is of the optical fibre relative to the optical axis and that 
locates the end of the optical fibre at a fixed position on 
the optical axis. 

The body portion 504 includes the cavity 507, which 
is accurately centered on the optical axis and is dimen- 

20 stoned to receive the bail lens 543. The ball lens is 
pressed into the cavity until it engages with the shoulder 
511. This accurately defines the lateral and axial posi- 
tion of the ball lens on the optical axis. The passage 505 
optically connects the cavity 507 to the bore 503. The 

25 cavity 507 in the body portion 504 accurately positions 
the ball lens 543 on the optical axis, and the cavity, to- 
gether with bore 503 in the nose portion 502, define a 
fixed positional relationship between the optical fibre, 
the ball lens, and the optical axis. 

30 The convex beam-splitting surface 545 of the ball 
lens 509 may be coated with the reflection control layer 
549, a metal or dielectric layer which determines the re- 
flectivity of the surface 545, and therefore determines 
the relative intensities of the reflected light beam 117 

35 and the output light beam 11 9, as described above with 
reference to Figure 2A. The surface 546 of the ball lens 
opposite the beam-splitting surface is preferably coated 
with the anti-reflective layer 548. A spherical or parabol- 
ic lens having a convex surface, or a gradient-index lens 

40 having a convex surface, mounted in the radiated light 
beam 107 with the convex surface aligned perpendicu- 
lar to the optical axis, may substituted for the bail lens 
509. 

The body portion 504 of the package 501 accom- 
45 modates the laser/light sensor sub-assembly 51 3. The 
laser/light sensor sub-assembly is similar to the light 
source shown in Figure 4D, except that the window 108 
in the can 106 is a standard window, similar to that 
shown in Figure 4B, and has plane, parallel faces dis- 
$o posed substantially perpendicular to the optical axis. 
The window 108 is preferably coated with the anti-re- 
flective layers 110. 

The laser/light sensor sub-assembly 51 3 is abear- 
ance fit in the body portion 504 of the package 501 , so 
55 that both the tat ral and the axial positions of the laser/ 
light sensor sub-assembly in the body portion can be 
adjusted. The laser/light sensor sub-assembly 51 3 is re- 
tained in position in the body portion 504 by the ring of 
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adhesive 519. 

During assembly, prior to curing the adhesive 519, 
the position of the laser/light sensor sub-assembly 513 
is actively adjusted both axialiy and laterally relative to 
the optical axis to maximize the intensity of the output 
light beam 119. When the position of the laser/light sen- 
sor sub-assembly is optimum, the adhesive is cured to 
fix the laser/light sensor sub-assembly in position in the 
body portion 504. Optimizing the position of the laser/ 
light sensor sub-assembly in the package 501 positions 
the VCSEL 101 on the optical axis of the package not- 
withstanding tolerances in the positioning of the VCSEL 
101 on the light sensor 351 and in the positioning of the 
VCSEL/iight sensor assembly 361. on the header 103. 

With the exceptions noted above, the structure of 
the laser/light sensor sub-assembly 513 is the same as 
that described above with reference to Figure 4D, and 
will therefore not be described again here. 

In the light source 500 shown in Figure 4E, the ra- 
diated light beam 107 generated by the VCSEL 101 di- 
verges from the optical axis as it propagates along the 
optical axis, with the result that part of the radiated light 
beam 107 impinges on the ball lens 543 at a non-zero 
angle of incidence. The ball lens 543 serves as the cou- 
pler 514, and couples a fraction of the radiated light 
beam 107 generated by the VCSEL 101 back to the light 
sensor 351 as the reflected light beam 117, and trans- 
mits the remainder of the radiated light beam 1 07 as the 
output light beam 119. The reflected light beam 117 im- 
pinges on the light sensor 351 , which generates an elec- 
trical signal indicative of the intensity of the reflected 
light beam. In response to the electrical signal generat- 
ed by the light sensor, a control circuit (not shown) sim- 
ilar to that described above with reference to Figure 2A 
controls the current fed to the VCSEL 1 01 to control the 
intensity of the output light beam 119 in one or both of 
the high light condition and the low light condition. 

In an alternative arrangement of theJight source 
500 shown in Figure 4E, the VCSEL and the light sensor 
may be mounted side-by-side on the header in an ar- 
rangement similar to that arrangement shown in Figure 
4C. In another alternative, the can 106 may be omitted. 

Afraction of the light beam generated by the VCSEL 
can also be coupled to the light sensor by back scatter- 
ing, as in the sixth and seventh variations on the third 
embodiment shown in Figures 4F and 4G. In the varia- 
tions shown in Figures 4F and 4G, the same elements 
as those described above with reference to Figures 4A 
and 4D are indicated by the same reference numerals, 
and will not be described again here. 

In the light sources shown in Figures 4F and 4G, a 
standard header 1 03 and can 1 06 are used, but the win- 
dow 601 of the can includes the scattering portion 603 
as the coupler 61 4. The coupler couples a fraction of the 
radiated light beam 107 generated by the VCSEL 101 
back to the light sensor 1 1 1 or 351 as the scattered light 
605, and transmits th remainder of the radiated light 
beam 107 as the output light beam 119. In a practical 



embodiment, the scattering portion 603 was formed by 
frosting the surfac 607 of the window 601 . Light may 
alternatively be scattered by the window 601 by forming 
a weak diff raction grating (not shown) on one of the sur- 
5 faces of the window or by other means. The surface of 
the window 601 remote from the VCSEL 101 is prefer- 
ably coated with the anti-reflective layer 610. 

In the light source shown in Figure 4F, the VCSEL 
101 and the light sensor 111 are mounted side-by-side 
on the header 103, as described above with reference 
to Figure 4A. In the light source shown in Figure 4G, the 
VCSEL 101 is mounted in the center of the large-area 
light sensor 351, as described above with reference to 
Figure 4D. 

Either of the variations just described can be mod- 
ified to use a standard windowed can, such as the win- 
dowed can shown in Figure 48, by using a modified ver- 
sion of the insert 321 shown in Figure 4B. The angled 
portion 323 of the modified insert would be angled at a 
zero angle of incidence to the radiated light beam 107, 
the scattering portion would be formed on the surface 
325 of the angled portion. The surface of the modified 
insert opposite the scattering portion would preferably 
be coated with an anti-reflective layer similar to the anti- 
reflective layer 330 shown in Figure 4B. 

The VCSEL/light sensor assembly 361 used in the 
embodiments described above with reference to Fig- 
ures 4D, 4E and 4G will now be described with reference 
to Figures 5 A and 5B. In the large light sensor 351 , the 
substrate 401 is a semiconductor material, such as sil- 
icon, gallium arsenide, etc. In the preferred embodi- 
ment, the substrate is a piece of silicon about 1 .5 mm 
square. The region 403 is formed under the light-receiv- 
ing surface 353 in the substrate 401 . The region 403 has 
the opposite conductivity mode to that of the substrate. 
The insulating layer 405 is deposited on the light-receiv- 
ing surface of the substrate, and the conductive layer 
407 is deposited on the opposite surface of the sub- 
strate. In the preferred embodiment, the insulating layer 
is a layer of silicon dioxide, and the conductive layer 407 
is a layer of aluminum or gold. The metallization layer 
409 contacts the region 403 through holes in the insu- 
lating layer 405 and connects the region 403 to the 
bonding pad 411 on the surface of the insulating layer. 
When a reverse bias is applied between the bonding 
pad 411 and the conductive layer 407, current flows in 
proportion to the intensity of the light falling on the light- 
receiving surface 353. 

The mounting pad 413 is deposited on the insulat- 
ing layer 405 in the center of the light-receiving surface 
353 and is connected to the bonding pad 415 by the 
track 417. In the preferred embodiment, the metalliza- 
tion layer 409, the mounting pad 41 3, the bonding pads 
41 1 and 41 5, and the track 41 7 were formed in a single 
metallization operation. 

The VCSEL 101 has the conductive layers 41 9 and 
421 deposited on opposite faces of the substrate/mirror 
structur 423. In the preferred mbodiment, the sub- 
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strate/mirror structure 423 is about 0.5 mm square. Fur- 
ther details of the substrate/mirror structure ar set forth 
below with reference to Figures 8A and 8B. The light 
generated by the VCSEL 101 exits the device through 
the light emission port 425 in the conductive layer 419. 

The VCSEL 101 is mounted in the center of the 
mounting pad 413 using a suitable chip mounting tech- 
nique so that the conductive layer 421 physically and 
electrically contacts the mounting pad. In the preferred 
embodiment, a conductive epoxy adhesive was used for 
this purpose. 

A fourth embodiment 700 of the laser-based light 
source according to the invention is shown in Figures 
6A and 6B. in Figures 6A and 6B, elements that are the 
same as the elements described above with reference 
to Figure 2A are indicated by the same reference 
number. In the fourth embodiment, the coupler 714 is a 
beam-splitting layer formed on the surface of the light 
sensor. The coupler couples the fraction of the radiated 
light beam to the light sensor by transmission, and re- 
flects the remainder of the radiated light beam as the 
output light beam. 

In the light source 700 shown in Figures 6A and 6B, 
a post-type header 103 similar to the post-type header 
used in the embodiment shown in Figure 2A is used. 
However, in this embodiment, the VCSEL 101 is mount- 
ed on the post 113 and emits the radiated light beam 
107 substantially parallel to the header 103. The plat- 
form 701 , which includes the angled face 703, is mount- 
d on the header 103 with the angled face facing the 
VCSEL 101. The platform is dimensioned and mounted 
on the header such that the radiated light beam 1 07 gen- 
erated by the VCSEL 101 impinges on the center of the 
angled face 703. 

The light sensor 1 1 1 is mounted on the angled face 
703 of the platform 701 in a position in which the radiated 
light beam 107 impinges in the center of the light-receiv- 
ing surface 131 . The beam-splitting layer 705 is depos- 
ited on the surface of the light sensor 111, and which 
serves as the coupler 714. The coupler couples a frac- 
tion of the radiated light beam 107 generated by the VC- 
SEL 101 to the light sensor 111 as the transmitted light 
beam 717, and reflects the remainder of the radiated 
light beam 107 as the output light beam 119, as shown 
in Figure 6B. The angled face 703 is preferably set at 
such an angle relative to the direction of the radiated 
light beam 107 that the output light beam 119 reflected 
by the beam-splitting surface 705 radiates in a direction 
substantially perpendicular to the header 1 03. 1 n a prac- 
tical embodiment, the angled face 703 was angled at 
about 45° to the radiated light beam 107. 

The output light beam 119 exits the package 105 
through the window 1 08 in the can 1 06. The window may 
be coated with the anti-reflective layers 110 to prevent 
the window from reflecting part of the output light beam 
back into the VCSEL 101. 

The transmitted light beam 71 7, which is the fraction 
of the radiated light beam 107 transmitted by the beam- 



splitting layer 705, impinges on the light-receiving sur- 
face 1 31 of the light sensor 111. The lights sensor gen- 
erates an electrical signal indicative of the intensity of 
the transmitted light beam 717, in a manner similar to 

s that described above with reference to Figure 2A. In re- 
sponse to the electrical signal generated by the light 
sensor, a control circuit similar to that described above 
can control the current fed to the VCSEL 101 to define 
the intensity of the output light beam 11 9 in one or both 

io of the high light condition and the low light condition. 

The reflectivity of the beam-splitting layer 705 is 
chosen to provide the desired intensity ratio between the 
transmitted light beam 717 and the output light beam 
119. In applications in which the signal-to-noise ratio of 

15 the output light beam 119 is increased by making the 
reflectivity of the beam-splitting surface relatively low, 
so that most of the radiated light beam 107 generated 
by the VCSEL 101 is not reflected as the output light 
beam, as described above, the light-receiving surface 

20 1 31 of the light sensor may include an absorptive layer 
(not shown) under the beam-splitting layer 705. The ab- 
sorptive layer prevents saturation of the light sensor 111 
by the transmitted light beam 717, and prevents the in- 
tensity of the output light beam 119 from being augment- 

25 ed by the light-receiving surface 1 31 reflecting the trans- 
mitted light beam 717. 

As an alternative to the beam-splitting layer 705 de- 
posited on the light receiving surface of the light sensor 
111, a beam splitter may be disposed between the VC- 

30 SEL 101 and the light sensor 111 at a non-zero angle of 
incidence to the radiated light beam. A beam splitter 
similar to the plane beam splitter 115 shown in Figure 
2A may be used. The beam splitter transmits the fraction 
of the radiated light beam to the light sensor as the trans- 

35 mitted light beam, and reflects the remainder of the ra- 
diated light beam as the output light beam. The beam 
splitter may be supported by the light receiving surface 
of the light sensor, or may be supported by the header 
independently of the light sensor. In the latter case, the 

40 light sensor may be mounted with the light receiving sur- 
face generally perpendicular to the transmitted light 
beam. 

The close coupling between the VCSEL 101 and 
the light sensor 111 makes this embodiment especially 

45 suitable for controlling the intensities of the VCSELs in 
an array of VCSELs. The embodiments shown in Fig- 
ures 2A-2E, 3A, 3B, 4A and 4C are also suitable for con- 
trolling the intensities of the VCSELs in an array of VC- 
SELs. An adaptation 720 the embodiment shown in Fig- 

50 ures 6A and 6B for use with an array of VCSELs is 
shown in Figure 6C, which shows a two-element VCSEL 
array as an example. In the laser-based light source 720 
shown in Figure 6C, the VCSELs 711 and 713 are 
formed side-by-side in a common layer structure mount- 

55 ed on the post 113. The two- VCSEL structure shown 
below in Figure 8B can be used for this purpose. Alter- 
natively, two discrete VCSELs could be mounted side- 
by-side on the post 1 1 3. Separate electrical connections 
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to the VCSELs are made by the bonding wires 71 5 and 
716 and the conductors 719 and 721 , respectively. 

Although discrete light sensors could be mounted 
side by-side on the angled face 703 of the platform 701 , 
the drawing shows the integrated light sensor array 723. 
In the light sensor, light sensors normally equal in 
number to the number of VCSELs in the VCSEL array 
(two are shown as an example in Figure 6C) are formed 
in a common substrate. The common beam splitting lay- 
er 705 is formed on the surface of the light sensor array. 
Separate electrical connections to the elements of the 
light sensor array are made by the bonding wires 725 
and 727 and the conductors 729 and 731 , respectively. 
The electrical output of each light sensor in the light sen- 
sor array 723 is used in the manner described above to 
control the light output of the VCSEL that generates the 
radiated light beam impinging on the light sensor. 

A fifth embodiment 800 of the laser-based light 
source according to the invention will now be described 
with reference to Figure 7. In the fifth embodiment, the 
VCSEL and the light sensor are mounted side-by-side 
on the header with the light emitting surface of the VC- 
SEL substantially parallel to the light-receiving surface 
of the light sensor, and multiple surfaces are used as 
the coupler tocoupleafraction of the radiated light beam 
generated by the VCSEL to the light sensor and to pro- 
vide the remainder of the radiated light beam as the out- 
put light beam. In the embodiment shown in Figure 7, 
elements corresponding to those shown in Figure 2A 
are indicated by the same reference numerals, and will 
not be described again here. 

The VCSEL 101 and the light sensor 111 are mount- 
ed side-by-side on the header 103, which is enclosed 
by the can 106 that includes the window 108 that pref- 
erably includes the ant iref lection layers 110. The plane 
beam splitter 815 and the reflector 818 constitute the 
coupler 814, which couples a fraction of the radiated 
light beam 107 generated by the VCSEL 101 into the 
light sensor 111 as the reflected light beam 117, and 
transmits the remainder of the output light beam as the 
output light beam 119. 

The plane beam splitter 815 includes the beam- 
splitting surface 821 which is partly reflective and re- 
flects the fraction of the radiated light beam 107 gener- 
ated by the VCSEL 101 towards the reflecting surface 
823 of the reflector 81 8 as the reflected light beam 117. 
The beam-splitting surface also transmits the remainder 
of the radiated light beam 107 generated by the VCSEL 
as the output light beam 119. The reflected light beam 
travels approximately parallel to the header 103 until it 
reaches the reflecting surface 823. The reflecting sur- 
face 823 is fully reflecting, and reflects the reflected light 
beam 117 received from the beam-splitting surface into 
the light sensor 111. In response to the reflected light 
beam, the light sensor generates an output current 
whose magnitud is determined by the intensity of the 
reflected light beam. 

Th metallization lay r 829 is deposited on the re- 



flecting surface 823 of the reflector 818 to increase the 
reflectivity of the reflecting surface to close to 100%. 

In most applications, the reflection control layer 839 
is deposited on the beam-splitting surface 821 of the 
s plane beam splitter 815 to set the reflectivity of the 
beam-splitting surface to that which provides the de- 
sired intensities of the reflected light beam 117 and the 
output light beam 119, as described above with refer- 
ence to Figure 2A. 

In a practical embodiment, two small pieces of a 
glass optical flat cemented to one another and to the 
header can be used as the plane beam splitter 815 and 
the reflector 81 8 constituting the coupler 81 4. The plane 
beam splitter and the reflector are preferably mounted 
orthogonally to one another but at angles slightly differ- 
ent from 1 35° and 45° relative to the header 1 03 to direct 
the reflected light beam 117 into the light sensor 111 at 
a non-zero angle of incidence. This prevents reflections 
of the reflected light beam at the light receiving surface 
1 31 of the light sensor from returning to the VCSEL 101 . 
The pieces of optical flat would be coated with the re- 
flection control layer 839 and the metallization layer 829 
prior to assembling the coupler. 

The VCSEL 101 and the light sensor 111 could be 
incorporated in the same piece of semiconductor mate- 
rial. For example, the VCSEL and additional laser struc- 
ture formed in the layer structure 803 shown in Figures 
8A and 8B could be used. 

A sixth embodiment of the invention is shown in Fig- 
ures 8A and 8B. Like the fifth embodiment, the sixth em- 
bodiment of the light source according to the invention 
uses multiple surfaces to couple a fraction of the radiat- 
ed light beam into the light sensor. However, in the sixth 
embodiment, a thin-film optical waveguide formed on 
the semiconductor layer structure in which both the VC- 
SEL and the light sensor are formed is used as the cou- 
pler. This simplifies the alignment of the coupler relative 
to the VCSEL and the light sensor during manufacture. 

The light source 900, the sixth embodiment of the 
laser-based light source according to the invention, is 
shown in Figures 8A and 8B. Figures 8A and 8B respec- 
tively show a view of the exposed surface 809 of the 
layer structure 803 and a simplified cross section of part 
of the layer structure 803 adjacent the exposed surface 
809. Details of the layer structure are set forth in Euro- 
pean patent application 96307520 -5, the disclosure of 
which is incorporated herein by reference. The layer 
structure is formed on a substrate (not shown) which is 
mounted on the header (not shown) of a package (not 
shown) substantially similar to the package 105 shown 
in Figure 7. The header, the package, and the connec- 
tions between the elements formed in the layer structure 
803 and the conductors of the package are omitted from 
Figures 8A and 8B to simplify the drawing. 
ss The VCSEL 801 and the additional laser structure 
811 are defined in the layer structure 803 by the re- 
duced-conductivity region 865 in the layer structure, and 
by the electrodes 851 and 853 formed on the exposed 
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surface 809 of the layer structure. The additional laser 
structure is structurally similar to the VCSEL, and is 
electrically isolated from the VCSEL by the reduced- 
conductivity region. The electrode 851 of the VCSEL 
bounds the light-emitting port 871 from which the VC- 
SEL emits the radiated light beam 907. The electrode 
853 of the additional laser structure bounds the light re- 
ceiving port 825 through which the additional laser struc- 
ture receives the light beam 917. 

Typically, the additional laser structure 811 and the 
VCSEL 801 are physically separated from one another 
in the layer structure 803 by a distance of the order of 
1 00 um When subject to a reverse bias opposite in po- 
larity to the electrical potential driving the laser current 
through the VCSEL 801, the additional laser structure 
811 operates as a light sensor. 

In the light source 900 shown in Figures 8A and 8B, 
the thin-film optical waveguide 901 incorporating the 
weak diffraction grating 911 operates as the coupler 91 4 
and couples a fraction of the radiated light beam 907 
generated by the VCSEL 801 to the additional laser 
structure 81 1 as the light beam 917. The additional laser 
structure operates under reverse bias as a light sensor. 
The coupler 91 4 also transmits the remainder of the ra- 
diated light beam 907 as the output light beam 919. 

In the thin-film optical waveguide 901 , the first clad- 
ding layer 903 is deposited on part of the exposed sur- 
face 809 of the layer structure 803 between the VCSEL 
801 and the additional laser structure 811 . The core lay- 
er 905 overlays the first cladding layer and additionally 
overlays the light emission port 871 of the VCSEL and 
the light-receiving port 825 of the additional laser struc- 
ture. The core layer has a higher refractive index than 
the first cladding layer. The part of the core layer over- 
laying the light emission port of the VCSEL includes the 
weak diffraction grating 911. 

The second cladding layer 909 overlays the part of 
the core layer 905 overlaying the first cladding layer 903 
and the light-receiving port 825 of the additional laser 
structure 811. The second cladding layer is preferably 
coated with the metallization layer 913, which prevents 
stray light from outside the optical waveguide 901 from 
entering and being detected by the additional laser 
structure. 

To ensure a constant relationship between the in- 
tensity of the output light beam 919 and the intensity of 
the light beam 917 received by the light receiving port 
825 of the additional laser structure 811 , either the VC- 
SEL 601 must generate the radiated light beam 807 with 
a fixed direction of polarization or the surfaces 915 and 
921 of the optical waveguide 901 must have direction of 
polarization-independent reflectivities. In the embodi- 
ment shown in Figure 8A, the light emitting port 871 of 
the VCSEL is elliptical, which causes the VCSEL to gen- 
erate th radiated light beam with a fixed direction of 
polarization. Making the light emitting port and/or the 
core region 867 elliptical or som other rotationally 
asymmetrical shape fixes the direction of polarization of 



the radiated light beam to coincide with the direction of 
the larger dimension of the asymmetrical shape. 

The light source 900 may be simplified by omitting 
the second cladding layer 909. In this case, the metalli- 

s zation layer 91 3 is preferably deposited on the core layer 
905 outside the diffraction grating 911. 

Each of the layers of the thin-film optical waveguide 
901 is formed by spinning a layer of a liquid plastic onto 
the exposed surface 809 of the layer structure 803, bak- 

10 ing the plastic layer, and then using a mask-and-etch 
process to define the shape of the layer of the optical 
waveguide in the plastic layer. This process is per- 
formed once for each of the layers of the optical 
waveguide. The plastic used for the core layer has a 

15 higher refractive index than that used for the two clad- 
ding layers. In a practical embodiment, the plastic spun 
onto the surface of the layer structure was a polyimide 
sold under the brand name Poly-guide™ by Dupont, Inc. 
The weak diffraction grating 911 was formed in the core 

20 layer 905 by a selective etching process. 

The weak diffraction grating 911 back-diffracts the 
fraction of the radiated light beam 907 towards the ad- 
ditional laser structure 811. The remainder of the radi- 
ated light beam 907 is not diffracted, and passes 

25 through the diffraction grating 911 as the output light 
beam 919. 

The light beam 91 7 travels from the diffraction grat- 
ing 911 through the optical waveguide 901, travelling 
along the core layer 905 towards the additional laser 
30 structure 811 and across the core layer towards the 
boundary 915 between the core layer and the first clad- 
ding layer 903. The pitch of the weak diffraction grating 
91 1 is designed so that the light beam 91 7 is diffracted 
at such an angle that it impinges on the boundary 915 
35 at an angle greater than the boundary's critical angle. 
As a result, the light beam 91 7 is totally internally reflect- 
ed at the boundary, and travels back across the core 
layer 905 until it reaches the boundary 921 of the core 
layer and the second cladding layer 909, where it is 
40 again totally internally reflected. The light beam 917 
travels along the optical waveguide by repeated reflec- 
tion at the core/cladding boundaries 915 and 921 until 
it reaches the light-receiving port 825 of the additional 
laser structure 81 1 . The first cladding layer does not cov- 
45 er the light-receiving port 825, so the light beam 91 7 en- 
ters the light-receiving port. 

The light beam 917 entering the light-receiving port 
825 causes an output current representing the intensity 
of the light beam 917 to flow through the additional laser 
so structure 81 1 via the conductor schematically represent- 
ed by the line 835. In response to the output current of 
the additional laser structure, the control circuit 827 
feeds current to the VCSEL 801 via the conductor sche- 
matically represented by the line 833. This current caus- 
es es the VCSEL to generate the radiated light beam 907 
with such an intensity that the output current from the 
additional laser structure is maintained at a predeter- 
mined value in one or both of th high light condition and 
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the low light condition. This corresponds to the output 
light beam 919 respectively having a predetermined in- 
tensity in the high light condition, or in the low light con- 
dition, or in both the high light condition and the low light 
condition, as described above with respect to Figure 2A. 

The control circuit 827 may include circuitry to com- 
pensate for the non-linear light intensity to output cur- 
rent characteristic of the additional laser structure 811. 
The control circuit may additionally include circuitry to 
limit the intensity of the output light beam 91 9 in the high 
light condition to a predetermined maximum intensity, 
corresponding to a predetermined maximum output cur- 
rent of the additional laser structure 811 . 

An array of intensity-controlled VCSELs may be 
made in a common layer structure by patterning the non- 
conductive layer 865 and the layer in which the elec- 
trodes 851 and 853 are formed to define multiple VC- 
SELs similar to the VCSEL 801 and multiple additional 
laser structures similar to the additional laser structure 
811. The layers constituting the optical waveguide 901 
can then be patterned to form multiple optical 
waveguides, each of which couples a fraction of the ra- 
diated light beam generated by one of the VCSELs to 
an adjacent additional laser structure. 

Although this disclosure describes illustrative em- 
bodiments of the invention in detail, it is to be understood 
that the invention is not limited to the precise embodi- 
ments described, and that various modifications may be 
practiced within the scope of the invention defined by 
the appended claims. 



Claims 

1. An integrated laser-based light source (100, 100A- 
100C, 200 250, 300, 320, 340, 350, 500, 600, 620, 
700, 720, 800, 900) generating an output light beam 
(119, 919) having a controlled intensity, the light 
source comprising: 

a package (105, 501); 

a laser (101, 801) having one and only one 
light-emitting face (109) from which a light 
beam is radiated as a radiated light beam (1 07, 
907); 

light sensor means (111, 811) for generating an 
electrical signal representing an intensity of 
light energy falling thereon; and 
coupling means (114, 314A-314D, 514, 614, 
714, 814, 914) for coupling a fractbn (117, 717, 
917) of the radiated light beam to the light sen- 
sor means, and for providing a remainder of the 
radiated light beam as the output light beam, 
the coupling means being mounted in the pack- 
age, together with the laser and the light sensor 
means. 

2. The light sourc of claim 1 , additionally including 



feedback reducing means (113A. 115A, 151, 345, 
545, 703) for reducing an intensity of light returning 
to the laser following reflection by the light sensor 
means. 

5 

3. The light source of claim 2, wherein: 

the light sensor means (111) includes a light- 
receiving surface (1 31); and 
10 the feedback reducing means includes means 

for causing the fraction of the radiated light 
beam coupled to the light sensor means to im- 
pinge upon the light sensor means at a non- 
zero angle of incidence. 

15 

4. The light source of claim 1 or 2, wherein: 

the light sensor means (111) includes a light- 
receiving surface (1 31 ); 

20 the package includes a post (11 3) on which the 

light sensor means is mounted with the light- 
receiving surface non-parallel to the Jight-emit- 
ting face of the laser; and 
the coupling means (114) includes a substrate 

25 (116) having beam-splitting surface means 

(133) for partially reflecting the fraction of the 
radiated light beam as a reflected light beam, 
and for transmitting the remainder of the radi- 
ated light beam as the output light beam, the 

30 substrate being positioned such that the beam 

splitting surface means directs the reflected 
light beam to impinge on the light-receiving sur- 
face of the light sensor means. 

35 5. The light source of claim 4, wherein the substrate 
(116) is light absorbent to attenuate light entering 
the laser (101 ) following reflection by. the light sen- 
sor means (111). 

40 6. The light source of claim 4, wherein: 

the coupling means (114) additionally compris- 
es a first pair of surfaces (257, 259) substan- 
tially perpendicular to a second pair of surfaces 

45 (e. g. , 255), the beam -splitting surface connect- 

ing one (257) of the first pair of surfaces to one 
(255) of the second pair of surfaces adjacent 
the one of the first pair of surfaces; and 
the coupling means is mounted with one (257) 

so of the first pair of surfaces perpendicular to the 

radiated light beam, and with the one (255) of 
the second pair of surfaces contacting the light 
sensor means. 

ss 7. The light source of claim 1 or 2, wherein: 

the light sensor means includes a light-receiv- 
ing surface (131); 
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the coupling means (114) comprises a first pair 
of surfaces (257, 259), a second pair of surfac- 
es (e.g., 255) substantially perpendicular to the 
pair of surfaces, and a beam-splitting surface 
connecting one (257) of the first pair of surfaces 
to one (255) of the second pair of surfaces ad- 
jacent the one of the first pair of surfaces; and 
the coupling means is mounted with the one 
(257) of the first pair of surfaces contacting the 
light emitting surface of the laser. 

8. The light source of claim 1 or 2, wherein: 

the package (105) includes a header (103); 
the light sensor means (e.g., 111) includes a 
light-receiving surface (e.g., 131); 
the laser and the light sensor means are mount- 
ed side-by-side on the header with the tight-re- 
ceiving surface substantially parallel to the 
light-emitting surface; and 
the coupling means (314A-314D, 514, 614, 
814, 914) includes light-redirecting surface 
means (311 , 325, 545, 603) for re-directing the 
fraction of the radiated light beam towards the 
light-receiving surface of the light sensor 
means, and for transmitting the remainder of 
the radiated light beam as the output light 
beam, the light-redirecting surface means be- 
ing supported by the package in a position re- 
mote from the header. 

9. The light source of claim 8, wherein: 

the package additionally includes a can (106) 
attached to the header; and 
the light-redirecting surface means (311, 325, 
545) operates by reflection to reflect the frac- 
tion of the radiated light beam towards the light 
sensor means as a reflected light beam, the 
light-redirecting surface means being support- 
ed by the can at such an angle to the radiated 
light beam that the reflected light beam imping- 
es on the light-receiving surface of the light sen- 
sor means. 

10. The light source of claim 9, wherein: 

the can includes a translucent window (108) lo- 
cated to transmit the output light beam; 
the light source additionally includes an insert 
(321 ) mounted in the can between the header 
and the translucent window; and the insert sup- 
ports the light-redirecting surface means (325). 

11. Th light source of claim 1 or 2, wherein: 

the package includes a header (103) on which 
the laser (101, 801) is mounted with the light- 



emitting surface (e.g., 109) substantially paral- 
lel to the header; 

the light sensor means (111, 811) includes a 
light-receiving surface (e.g., 1 31 ) and is mount- 
s ed on the header with the light-receiving sur- 

face substantially parallel to the light-emitting 
face of the laser; and 

the coupling means (814, 914) includes light- 
redirecting surface means (821, 911) and re- 

10 flective surface means (823; 915, 921), the 

light-redirecting surface means being located 
adjacent the laser and functioning to redirect 
the fraction of the radiated light beam towards 
the reflective surface means as a redirected 

15 light beam, the reflective surface means func- 

tioning to reflect the redirected light beam at 
least once such that the redirected light beam 
impinges on the light-receiving surface of the 
light sensor means. 

20 

12. The light source of claim 11, wherein: 

the light-redirecting surface means (821) and 
the reflective surface means (823) are both 
25 mounted on the header; and 

the light-redirecting surface means operates by 
reflection. 

1 3. The light source of any one of the preceding claims, 
30 wherein: 

the laser (1 01 , 801 ) generates the radiated light 
beam in response to a laser current; and 
the light source additionally includes control 
35 means (1 27, 827), operating in response to the 

electrical signal generated by the light sensor 
means (111, 811), for controlling the laser cur- 
rent. 

40 14. The light source of claim 13, wherein the control 
means is additionally for controlling the laser cur- 
rent to limit the electrical signal generated by the 
light sensor means to a predetermined maximum 
corresponding to a predetermined maximum inten- 
ds sity of the output light beam. 

1 5. The light source of any one of the preceding claims, 
wherein the coupling means (1 1 4, 31 4A-31 4D, 51 4, 
614,714,814, 914) includes means«(e.g., 143,349, 
50 549, 705, 829) for determining an intensity ratio be- 
tween the fraction of the radiated light beam cou- 
pled to the light sensor means and the output light 
beam. 

55 16. The light source of of any one of the preceding 
claims, wherein: 

the radiated light beam (107) generated by the 
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laser (101, 801) has an intensity and a signal- 
to-noise ratio, the signal-to-noise ratio being 
dependent on the intensity; 
the intensity at which the laser generates the 
radiated light beam with a signal-to-noise ratio 
above a threshold level is greater than a pre- 
determined maximum intensity; and 
the coupling means (114, 314A-314D, 514, 
614, 714, 814, 914) is for coupling such a frac- 
tion of the radiated light beam to the light sensor 
means that the output light beam has a signal- 
to-noise ratio greater than the threshold level 
and an intensity less than the predetermined 
maximum intensity. 
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FIG.4G 
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